TRANSLATOR'S VERIFICATION 



I hereby declare and state that I am knowledgeable of each 
of the Japanese and English languages and that I made and reviewed 
the attached translation of the certified copy of Japanese Patent 
Application No. 2002-238520, filed on August 19, 2002 from the 
Japanese language into the English language, and that I believe 
my attached translation to be accurate, true and correct to the 
best of my knowledge and ability. 

I hereby declare that all statements made herein of my 
own knowledge are true and that all statements made on information 
and belief are believed to be true and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of this application or any patent issued 
thereon . 



Date: 




(Signature) 



Kiyoko Ishimura 
(Typed name) 



t 



JAPAN PATENT OFFICE 



This is to certify that the annexed is a true copy of 
the following application as filed with this Office. 

Date of Application: August 19, 2002 

Application Number: 2002-238520 

[ST.10/C] : [ JP2002-238520] 

Applicant (S) : BROTHER KOGYO KABUSHIKI KAISHA 



April 25, 2003 

Commissioner, Japan Patent Office 
Shinichiro OTA 



Certificate Issuance No. 2003-3029966 



iY 



Patent Application No. 2002-238520 



[Title of the Document] Patent Application 
[Reference Number] 20010790 

[Attention] To Commissioner , Patent Office 

[IPC] C09D 11/00 

[ Inventor] 

[Address or Residence] 

c/o BROTHER KOGYO KABUSHIKI KAISHA 
15-1 , Naeshiro-cho, 
Mizuho-ku, Nagoya-shi 
[Name] Akihiko TANIGUCHI 

[ Inventor] 

[Address or Residence] 

c/o BROTHER KOGYO KABUSHIKI KAISHA 
15-1 , Naeshiro-cho, 
Mizuho-ku, Nagoya-shi 
[Name] Kazuma GOTO 

[ Inventor] 

[Address or Residence] 

c/o BROTHER KOGYO KABUSHIKI KAISHA 
15-1 , Naeshiro-cho , 
Mizuho-ku , Nagoya-shi 
[Name] Masaya FUJIOKA 

[ Inventor] 

[Address or Residence] 

c/o BROTHER KOGYO KABUSHIKI KAISHA 
15-1 , Naeshiro-cho, 
Mizuho-ku, Nagoya-shi 
[Name] Shunichi HIGASHIYAMA 



Certificate Issuance No. 2003-3029966 



E 

H 



Patent Application No. 2002-238520 



[Applicant] 

[Identified Number] 000005267 

[Name or Appellation] BROTHER KOGYO KABUSHIKI KAISHA 

[Agent of the Applicant] 

[Identified Number] 100086586 
[Patent Attorney] 

[Name or Appellation] Yasuo YASUTOMI 
[Appointed Agent of the Applicant] 

[Identified Number] 100119529 
[Patent Attorney] 

[Name or Appellation] Katsuyasu MOROTA 
[Appointed Agent of the Applicant] 

[Identified Number] 100109195 
[Patent Attorney] 

[Name or Appellation] Katsunori MUTO 

[Indication of charge] 

[Serial number for pre-paid] 033891 
[Amount of payment] 21,000yen 

[List of filing documents] 

[Name of Document] Specification 1 

[Name of Document] Drawing 1 

[Name of Document] Abstract 1 

[Number of General Power of Attorney] 9505719 
[Number of General Power of Attorney] 00184 83 

[Necessity of Proof] Yes 



Certificate Issuance No. 2003-3029966 



Patent Application No. 2002-238520 



[TITLE OF THE DOCUMENT] Specification 

[TITLE OF THE INVENTION] INK FOR INK- JET RECORDING 

[CLAIMS] 

[Claim 1] An ink for ink- jet recording characterized by 
comprising a self -dispersing microparticulate coloring agent, 
a surfactant and water, wherein: 

when a surface tension is plotted in a vertical axis, 
and a concentration of the surfactant is plotted in a 
horizontal axis, then a correlation between the surface 
tension and the concentration of the surfactant is 
representable by a correlation curve which has one inflection 
point and two local maximum points of curvature each of which 
is located on one of both sides of the inflection point; and 

the ink contains the surfactant at a concentration which 
is higher than a concentration corresponding to one of the 
local maximum points of the curvature on a low concentration 
side. 

[Claim 2] The ink for ink- jet recording according to 
claim 1, characterized in that the surfactant is an 
alkylamine ethylene oxide adduct represented by the following 
general formula ( 1 ) : 
[Chemical Formula 1] 




( CH 2 CH 2 0 )- — H 



R 1 — 



(1) 



(CH 2 CH 2 0) — H 
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wherein R 1 represents alkyl group having a number of carbons 
of 8 to 18, and x and y represent integers which satisfy x + 
y = 5 to 15. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[TECHNICAL FIELD TO WHICH THE INVENTION BELONGS] 

The present invention relates to an ink for ink-jet 
recording which makes it possible to obtain vivid recorded 
matters by satisfying both of the prevention of the 
feathering and the prevention of the bleeding even when the 
recording is performed on regular paper. 
[0002] 

[CONVENTIONAL ART] 

In the ink-jet recording system, ink droplets are formed 
by the ink discharge method including , for example , the 
electrostatic attraction method , the method in which 
mechanical vibration or displacement is applied to the ink by 
using a piezoelectric element or the like, and the method in 
which bubbles are generated by heating the ink to utilize the 
pressure generated thereby. All or a part of the ink 
droplets are adhered to a recording objective material such 
as paper to perform the recording. Inks usable as the ink 
for ink-jet recording to be used for the ink-jet recording 
system as described above include those which are obtained by 
dissolving or dispersing a variety of water-soluble dyes or 
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pigments in water or a liquid medium composed of water and a 

water-soluble organic solvent. 

[0003] 

In order to perform the satisfactory recording over a 
long period of time, for example, it is required for the ink 
for ink-jet recording as described above that characteristic 
values including, for example, the viscosity, the surface 
tension, and the density have appropriate values, that any 
deposit is not formed and/or physical values are not changed, 
for example, by the heat in order to avoid any clog-up at the 
nozzle and the orifice of the recording apparatus so that the 
ink is discharged in a stable manner, and that the recorded 
image is excellent, for example, in water resistance and 
light resistance. 
[0004] 

When the recording is performed with an ink-jet printer 
by using a general ink for ink- jet recording, any exclusive 
ink-jet paper is sometimes used in order to obtain a 
satisfactory printing quality without any blurring. However, 
in recent years, it is more demanded that the recording is 
performed on the regular paper rather than on the exclusive 
ink-jet paper, in consideration of the running cost and the 
environment. Further, in the market directed to homes and 
offices, it is overwhelmingly demanded that the recording is 
performed with the colors rather than with the black-and- 
white or monochrome. Therefore, the color ink- jet printer is 
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dominantly used. It is demanded that the color recording can 
be performed with a good printing quality on the regular 
paper. 
[0005] 

However, the printing quality on the regular paper is 
still insufficient. Major factors therefor may include the 
following two factors. One is the problem called 
"feathering". In this case, the ink is nonuniformly blurred 
along the surface of the recording paper when the ink is 
permeated into the recording paper. The edges of image 
portions are notched, and it is impossible to obtain any 
sharp edge of the image portion. The other is the problem 
called "bleeding". In this case, inks having different 
colors are mixed with each other at boundary portions between 
those having different colors. The both inks are blurred, 
and the printing quality is deteriorated. 
[0006] 

In view of the above, many techniques have been hitherto 
used in order to avoid the feathering and the bleeding so 
that the printing quality is improved. A method, in which 
the surface tension is increased, is widely known as a 
general technique for avoiding the feathering. For example, 
Japanese Patent Application Laid-open No. 8-259864 discloses 
a technique in which the surface tension of an ink is made to 
be not less than 40 mN/m so that the blurring is suppressed 
and the feathering is avoided. However, in this method, the 
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permeation of the ink into the paper is slow. Therefore, the 
bleeding tends to occur on the paper surface. 
[0007] 

On the other hand, those widely used as a general 
technique for avoiding the bleeding include a method in which 
alkyl ether of polyvalent alcohol such as diethylene glycol 
monobutyl ether is blended as a permeating agent to an ink 
and/or a surfactant is blended. For example, Japanese Patent 
Application Laid-open No. 8-283631 discloses a technique in 
which a specified permeating agent and a surfactant are 
blended to an ink to lower the surface tension and enhance 
the permeability into the paper so that the bleeding is 
avoided. However, in this method, the feathering tends to 
occur. 
[0008] 

As described above, the conventional inks for ink-jet 
recording have involved such a problem that it is difficult 
to satisfy both of the prevention of the feathering and the 
prevention of the bleeding on the regular paper. 
[0009] 

[PROBLEM TO BE SOLVED BY THE INVENTION] 

The present invention has been made in order to solve 
the problem as described above, an object of which is to 
provide an ink for ink-jet recording which makes it possible 
to obtain vivid recorded matters by satisfying both of the 
prevention of the feathering and the prevention of the 
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bleeding even when the recording is performed on regular 

paper . 

[0010] 

[MEANS FOR SOLVING THE PROBLEM] 

According to the present invention, there is provided an 
ink for ink-jet recording characterized by comprising a self- 
dispersing microparticulate coloring agent, a surfactant and 
water, wherein: 

when a surface tension is plotted in a vertical axis, 
and a concentration of the surfactant is plotted in a 
horizontal axis, then a correlation between the surface 
tension and the concentration of the surfactant is 
representable by a correlation curve which has one inflection 
point and two local maximum points of curvature each of which 
is located on one of both sides of the inflection point; and 

the ink contains the surfactant at a concentration which 
is higher than a concentration corresponding to one of the 
local maximum points of the curvature on a low concentration 
side. Details of the present invention are described as 

below. 
[0011] 

The ink for ink-jet recording of the present invention 
contains the self -dispersing microparticulate coloring agent. 
The self-dispersing microparticulate coloring agent has a 
functional group which gives the dispersibility to the 
surface of the pigment or the coloring resin microparticles . 



6 



Patent Application No. 2002-238520 



In general, the main component of the skeleton is composed 
of, for example, hydrophobic hydrocarbon. For example, -S0 3 " 
group and -COO" group exist on parts of the surface. As for 
the self -dispersing microparticulate coloring agent, the 

surfaces of the particles themselves are charged 5-, and the 
particles are dispersed by themselves in accordance with the 
electric repulsion . 

In general, a dispersing agent such as a surfactant is 
used in order to stably disperse the pigment and the coloring 
resin particles in a solvent. Such a dispersing agent 
facilitates the action to permeate the ink into the paper, 
and it provides a factor to cause any nonuniform blurring. 
However, in the case of the ink for ink-jet recording of the 
present invention, it is unnecessary to contain any 
dispersing agent owing to the use of the self-dispersing 
microparticulate coloring agent. Therefore, it is possible 
to avoid any nonuniform blurring. The action in the ink of 
the surfactant which is generally used as the dispersing 
agent is different from that of the surfactant which is used 
for the ink for ink- jet recording of the present invention. 

The self-dispersing microparticulate coloring agent is 
not specifically limited, and those commercially available 
may include, for example, CABO-O-JET 200 and CABO-O-JET 300 
(produced by Cabot). 
[0012] 

The ink for ink-jet recording of the present invention 
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contains the surfactant which exhibits the strong interaction 
with the self-dispersing microparticulate coloring agent 
described above, rather than the surfactant which is 
generally used as the dispersing agent. Accordingly, when 
the surface tension is plotted in the vertical axis, and the 
concentration of the surfactant is plotted in the horizontal 
axis, then the correlation between the surface tension and 
the concentration of the surfactant can be represented by a 
correlation curve which has one inflection point and which 
has two local maximum points of curvature on both sides of 
the inflection point one by one. Fig. 1 shows an example of 
the correlation curve which has one inflection point and 
which has two local maximum points of curvature on both sides 
of the inflection point one by one. 

In Fig. 1, the inflection point is the point which is 
indicated by " 1 " on the correlation curve. The inflection 
point is the point at which the decrement rate of the surface 
tension, which is obtained by dividing the decrement amount 
of the surface tension by the increment amount of the 
concentration of the surfactant, exhibits the local maximum 
value. The inflection point is the point at which the slope 
of the correlation curve is maximized. The local maximum 
point of the curvature of the correlation curve is the point 
at which the curvature of the correlation curve is maximized. 
In Fig. 1, there are the first local maximum point which is 
indicated by "2" on the correlation curve and which 
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corresponds to the concentration lower than the concentration 
corresponding to the inflection point , and the second local 
maximum point which is indicated by "3" on the correlation 
curve and which corresponds to the concentration higher than 
the concentration corresponding to the inflection point. The 
correlation curve indicates the correlation between the 
surface tension and the concentration of the surfactant in 
the ink for ink- jet recording of the present invention. The 
correlation curve can be divided into three areas by the 
first local maximum point and the second local maximum point. 

That is, the area, in which the concentration of the 
surfactant is lower than the concentration corresponding to 
the first local maximum point, is designated as "low 
concentration area". The area, in which the concentration of 
the surfactant is higher than the concentration corresponding 
to the first local maximum point and lower than the 
concentration corresponding to the second local maximum 
point, is designated as "middle concentration area". The 
area, in which the concentration of the surfactant is higher 
than the concentration corresponding to the second local 
maximum point, is designated as "high concentration area". 
On this assumption, the ink for ink-jet recording of the 
present invention behaves as follows. That is, the decrement 
rate of the surface tension is small in the low concentration 
area, the decrement rate of the surface tension is large in 
the middle concentration area, and the decrement rate of the 
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surface tension is small in the high concentration area. 
[0013] 

When the surfactant and the self-dispersing 
microparticulate coloring agent are simultaneously contained 

in the ink, then the surfactant is charged 6+, and the self- 
dispersing microparticulate coloring agent is charged fi- . 
Accordingly , the surfactant exhibits the strong interaction 
with the self-dispersing microparticulate coloring agent as 
compared with the surfactant which is generally used as the 
dispersing agent. The force to approach the self -dispersing 
microparticulate coloring agent by the aid of the electric 
attracting force is exerted on the surfactant to a greater 
extent as compared with the force to move to the surface of 
the ink liquid which is the interface with respect to the 
air. As for the surfactant which has approached the self- 
dispersing microparticulate coloring agent, the hydrophobic 
group is directed toward the self -dispersing microparticulate 
coloring agent which is hydrophobic, and the hydrophilic 
group is directed toward the liquid phase. Therefore, the 
self-dispersing microparticulate coloring agent is in a state 
of being coated with the hydrophilic groups. The self- 
dispersing microparticulate coloring agent exhibits the 
strong interaction with the surfactant. Therefore, the self- 
dispersing microparticulate coloring agent is deposited or 
adhered to the paper in the state of being coated with the 
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hydrophilic groups, and the hydrophilic groups twine around 
the hydrophilic cellulose which is the main component of the 
paper. Accordingly , the ink is hardly moved on the paper 
surface, and it is possible to reduce the nonuniform blurring 
which would be otherwise caused by the feathering and the 
bleeding. 
[0014] 

In the low concentration area, the surfactant has such a 
property that the surfactant tends to coat the surface of the 
microparticulate coloring agent rather than the surfactant 
moves to the surface of the ink liquid. Therefore, the 
increment amount of the surfactant is small on the surface of 
the ink liquid with respect to the increase of the 
concentration of the surfactant. The decrement rate of the 
surface tension is decreased. In the middle concentration 
area, the microparticulate coloring agent has been thoroughly 
coated with the surfactant. When the concentration of the 
surfactant is further increased, then the surfactant is moved 
to the ink liquid surface, the surface tension is suddenly 
decreased, and the decrement rate of the surface tension is 
increased. In the high concentration area, the ink liquid 
surface is thoroughly coated with the surfactant, and the 
surface tension is stabilized. Therefore, the decrement rate 
of the surface tension is decreased again with respect to the 
increase of the concentration of the surfactant. 
[0015] 
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The surfactant which gives the property as described 
above to the ink for ink-jet recording of the present 
invention is not specifically limited , however, for example , 
an alkylamine ethylene oxide adduct represented by the 
following general formula (1) is preferably usable. 
[0016] 

[Chemical Formula 2] 

^(CH 2 CH 2 0)— H 

R 1 — N ( 1 ) 

^(CH 2 CH 2 0) — H 

[0017] 

R 1 represents alkyl group having a number of carbons of 
8 to 18, and x and y represent integers which satisfy x + y = 
5 to 15. 
[0018] 

In the alkylamine ethylene oxide adduct, two hydrophilic 
ethylene oxide groups and one hydrophobic alkyl group are 
bonded to a nitrogen atom. When the alkylamine ethylene 
oxide adduct is dissolved in water, then it serves as an 
organic base, and it is charged S+ as a result of addition of 
proton. The alkylamine ethylene oxide adduct tends to twine 
around the hydrophilic cellulose which is the main component 
of the paper, because the hydrophilic ethylene oxide group is 
long. Accordingly, it is possible to effectively reduce the 
nonuniform blurring caused by the feathering on the paper 
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surface. Those commercially available may include, for 
example, ETHOMEEN C/15, ETHOMEEN S/25, ETHOMEEN T/15, and 
ETHOMEEN C/25 (produced by Lion Corporation). 
[0019] 

The ink for ink-jet recording of the present invention 
contains the surfactant at the concentration which is higher 
than the concentration corresponding to the first local 
maximum point. Owing to the surfactant contained at the 
concentration higher than the concentration corresponding to 
the first local maximum point, the microparticulate coloring 
agent, which is contained in the ink for ink- jet recording of 
the present invention, is thoroughly coated with the 
surfactant. Even when the recording is performed on the 
regular paper, the microparticulate coloring agent hardly 
moves on the paper surface. Therefore, the line edge is 
sharp, and the bleeding is scarcely caused. Preferably, the 
surfactant is contained at a concentration higher than the 
concentration corresponding to the second local maximum 
point. When the surfactant is contained at the concentration 
higher than the concentration corresponding to the second 
local maximum point, the speed of permeation of the ink 
solvent into the paper is fast, because the surface tension 
of the ink is sufficiently lowered. The period of time, in 
which the liquid inks make contact with each other at the 
boundary portion between those having different colors on the 
paper surface, is further shortened. Therefore, the bleeding 



13 



Patent Application No. 2002-238520 



can be further reduced while maintaining the sharp line edge. 
Thus, it is possible to satisfy both of the prevention of the 
feathering and the prevention of the bleeding. 

The preferred upper limit of the blending amount of the 
surfactant is 3 % by weight with respect to the total amount 
of the ink for ink- jet recording of the present invention. 
If the blending amount exceeds 3 % by weight , problems 
concerning, for example, deposition and drying-up are caused 
in some cases when the amount of water in the ink is 
decreased due to the evaporation or the like. 
[0020] 

The ink for ink-jet recording of the present invention 
contains water. The water is preferably deionized water 
(pure water). The blending amount of the water is preferably 
not less than 40 % by weight with respect to the total amount 
of the ink for ink- jet recording of the present invention. 
If the blending amount is less than 40 % by weight, it is 
sometimes impossible to maintain the viscosity of the ink in 
the normal state to be a low viscosity at which the jetting 
operation can be normally performed. 
[0021] 

It is preferable that the ink for ink-jet recording of 
the present invention further contains a water-soluble 
organic solvent in order to prevent the ink from any drying- 
up at the tip of the recording head. 

The water-soluble organic solvent is not specifically 
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limited. There may be exemplified , for example, polyalkylene 
glycols such as polyethylene glycol; alkylene glycols such as 
ethylene glycol, propylene glycol, butylene glycol, 
diethylene glycol, dipropylene glycol, triethylene glycol, 
tripropylene glycol, 1 , 2 , 6-hexanetriol , thiodiglycol , 1,3- 
butanediol, 1 , 5-pentanediol , and hexylene glycol; glycerol; 
and pyrrolidones such as 2-pyrrolidone and N-methyl-2- 
pyrrolidone. The water-soluble organic solvent may be used 
singly. Alternatively, two or more of the water-soluble 
organic solvents may be used in combination. 
[0022] 

The blending amount of the water-soluble organic solvent 
is preferably 5 to 40 % by weight with respect to the total 
amount of the ink for ink-jet recording of the present 
invention. If the blending amount is less than 5 % by 
weight, the moistening function is insufficient. When the 
amount of water is decreased due to the evaporation or the 
like, problems concerning, for example, deposition and 
drying-up are caused in some cases. If the blending amount 
exceeds 40 % by weight, the viscosity of the ink is 
unnecessarily increased. Problems are caused in some cases, 
for example, such that the jetting operation cannot be 
performed, and the ink is dried on the recording paper 
extremely slowly. The blending amount is more preferably 7 
to 40 % by weight and much more preferably 10 to 30 % by 
weight . 
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[0023] 

The ink for ink-jet recording of the present invention 
is basically constructed as described above. However, if 
necessary, the ink for ink-jet recording of the present 
invention may contain, for example, permeating agents, 
viscosity-adjusting agents, surface tension-adjusting agents, 
pH-ad justing agents, and antiseptic/f ungicidal agents. 
[0024] 

During the ink-jet recording, the ink for ink-jet 
recording of the present invention is landed on the paper in 
the state in which the self -dispersing microparticulate 
coloring agent contained in the ink is coated with the 
hydrophilic group of the surfactant. The hydrophilic group 
of the surfactant, which coats the self-dispersing 
microparticulate coloring agent, twines around the 
hydrophilic cellulose which is the main component of the 
paper. Accordingly, even when the recording is performed on 
the regular paper, it is possible to bring about vivid 
recorded matters by satisfying both of the prevention of the 
feathering and the prevention of the bleeding. In 
particular, when the concentration of the surfactant is high, 
the ink solvent is quickly permeated into the paper. 
Therefore, it is possible to avoid the bleeding more 
effectively . 
[0025] 

[EMBODIMENT OF THE INVENTION] 
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The present invention will be explained in more detail 
below as exemplified by Examples. However, the present 
invention is not limited to only Examples. 
[0026] 

<Example 1> 

CABO-O-JET 300 as a self -dispersing microparticulate 
coloring agent was used as the coloring agent, and ETHOMEEN 
C/15 as an alkylamine ethylene oxide adduct represented by 
the general formula (1) was used as the surfactant. 

The following materials were sufficiently agitated and 
mixed with each other, followed by being filtrated through a 

membrane filter of 2.5 fxm to prepare an ink for ink- jet 
recording (ink- jet recording ink) 1 having the following 
composition. As for the ink- jet recording ink 1, the 
concentration of the surfactant was higher than a 
concentration corresponding to a first local maximum point, 
and the surface tension was 52.3 mN/m. 
(Ink- jet recording ink 1) 

CABO-0-JET 3 00 (produced by Cabot, carbon black 
dispersion, pigment concentration 15 % by weight, balance 
pure water) 33.3 % by weight 

Glycerol 25 % by weight 

Diethylene glycol diethyl ether 0.5 % by weight 

ETHOMEEN C/15 (produced by Lion Corporation, surfactant 
based on alkylamine ethylene oxide adduct) 

0.2 5 % by weight 
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Pure water 4 0.95 % by weight. 

[0027] 

<Example 2> 

CABO-0-JET 300 as a self-dispersing microparticulate 
coloring agent was used as the coloring agent , and ETHOMEEN 
C/15 as an alkylamine ethylene oxide adduct represented by 
the general formula (1) was used as the surfactant. 

The following materials were sufficiently agitated and 
mixed with each other , followed by being filtrated through a 
membrane filter of 2.5 fim to prepare an ink- jet recording ink 
2 having the following composition. As for the ink- jet 
recording ink 2, the concentration of the surfactant was 
higher than a concentration corresponding to a second local 
maximum point , and the surface tension was 31.9 mN/m. 

(Ink- jet recording ink 2) 

CABO-O-JET 300 (produced by Cabot, carbon black 
dispersion, pigment concentration 15 % by weight, balance 
pure water) 33.3 % by weight 

Glycerol 25 % by weight 

Diethylene glycol diethyl ether 0.5 % by weight 

ETHOMEEN C/15 (produced by Lion Corporation, surfactant 
based on alkylamine ethylene oxide adduct) 

0.4 % by weight 
Pure water 4 0.8 % by weight. 

[0028] 

<Example 3> 
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CABO-O-JET 200 as a self -dispersing microparticulate 
coloring agent was used as the coloring agent , and ETHOMEEN 
S/25 as an alkylamine ethylene oxide adduct represented by 
the general formula (1) was used as the surfactant. 

The following materials were sufficiently agitated and 
mixed with each other , followed by being filtrated through a 

membrane filter of 2.5 |iim to prepare an ink- jet recording ink 
3 having the following composition. As for the ink- jet 
recording ink 3, the concentration of the surfactant was 
higher than a concentration corresponding to a first local 
maximum point , and the surface tension was 53.2 mN/m. 
(Ink- jet recording ink 3) 

CABO-O-JET 200 (produced by Cabot , carbon black 
dispersion, pigment concentration 20 % by weight, balance 
pure water) 25 % by weight 

Glycerol 25 % by weight 

Triethylene glycol monobutyl ether 0.5 % by weight 
ETHOMEEN S/2 5 (produced by Lion Corporation, surfactant 
based on alkylamine ethylene oxide adduct ) 

0.15 % by weight 
Pure water 49.35 % by weight. 

[0029] 

<Example 4> 

CABO-O-JET 200 as a self -dispersing microparticulate 
coloring agent was used as the coloring agent, and ETHOMEEN 
S/25 as a surfactant represented by the general formula (1) 
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was used as the surfactant . 

The following materials were sufficiently agitated and 
mixed with each other, followed by being filtrated through a 
membrane filter of 2.5 |Lim to prepare an ink- jet recording ink 
4 having the following composition. As for the ink- jet 
recording ink 4, the concentration of the surfactant was in a 
high concentration area, and the surface tension was 31.8 
mN/m. 

(Ink- jet recording ink 4) 

CABO-O-JET 200 (produced by Cabot, carbon black 
dispersion, pigment concentration 15 % by weight, balance 
pure water) 25 % by weight 

Glycerol 25 % by weight 

Triethylene glycol monobutyl ether 0.5 % by weight 
ETHOMEEN S/25 (produced by Lion Corporation, surfactant 
based on alkylamine ethylene oxide adduct) 

0.3 % by weight 
Pure water 4 9.2 % by weight. 

[0030] 

Comparative Example 1> 

CABO-O-JET 300 as a self-dispersing microparticulate 
coloring agent was used as the coloring agent, and ETHOMEEN 
C/15 as an alkylamine ethylene oxide adduct represented by 
the general formula (1) was used as the surfactant. 

The following materials were sufficiently agitated and 
mixed with each other, followed by being filtrated through a 
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membrane filter of 2.5 |um to prepare an ink- jet recording ink 

5 having the following composition. As for the ink- jet 
recording ink 5, the concentration of the surfactant was in a 
low concentration area, and the surface tension was 58.2 
mN/m. 

(Ink- jet recording ink 5) 

CABO-O-JET 300 (produced by Cabot, carbon black 
dispersion, pigment concentration 15 % by weight, balance 
pure water) 33.3 % by weight 

Glycerol 25 % by weight 

Diethylene glycol diethyl ether 0.5 % by weight 

ETHOMEEN C/15 (produced by Lion Corporation, surfactant 
based on alkylamine ethylene oxide adduct) 

0.1 % by weight 
Pure water 41.1 % by weight. 

[0031] 

<Comparative Example 2> 

CABO-O-JET 300 as a self -dispers ing microparticulate 
coloring agent was used as the coloring agent, and Sannonic 
DO-90 as a polyoxyethylene alkyl ether represented by the 
general formula (2) was used as the surfactant. 

The following materials were sufficiently agitated and 
mixed with each other, followed by being filtrated through a 

membrane filter of 2.5 fim to prepare an ink- jet recording ink 

6 having the following composition. The ink- jet recording 
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ink 6 did not have the three concentration areas 
corresponding to the concentrations of the surfactant, and 
the surface tension was 31.0 mN/m. 
[0032] 

[Chemical Formula 3] 

R 2 — O (CH 2 CH 2 0) — H (2 ) 

[0033] 

R 2 represents an alkyl group having a number of carbons 
of 12 to 14. 
[0034] 

(Ink- jet recording ink 6) 

CABO-0-JET 3 00 (produced by Cabot , carbon black 
dispersion, pigment concentration 15 % by weight, balance 
pure water) 33.3 % by weight 

Glycerol 25 % by weight 

Diethylene glycol diethyl ether 0.5 % by weight 

Sannonic DO-90 (produced by Sanyo Chemical Industries, 
Ltd.) 0.4 % by weight 

Pure water 4 0.8 % by weight. 

[0035] 

<Comparative Example 3> 

CABO-0-JET 300 as a self -dispersing microparticulate 
coloring agent was used as the coloring agent, and Sannonic 
DO-90 as a polyoxyethylene alkyl ether represented by the 
general formula (2) was used as the surfactant. 
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The following materials were sufficiently agitated and 
mixed with each other, followed by being filtrated through a 
membrane filter of 2.5 |Lim to prepare an ink- jet recording ink 
7 having the following composition. The ink- jet recording 
ink 7 did not have the three concentration areas 
corresponding to the concentrations of the surfactant, and 
the surface tension was 47.5 mN/m. 

(Ink- jet recording ink 7) 

CABO-O-JET 3 00 (produced by Cabot, carbon black 
dispersion, pigment concentration 15 % by weight, balance 
pure water) 33.3 % by weight 

Glycerol 25 % by weight 

Diethylene glycol diethyl ether 0.5 % by weight 

Sannonic DO-90 (produced by Sanyo Chemical Industries, 
Ltd.) 0.1 % by weight 

Pure water 41.1 % by weight. 

[0036] 

<Comparative Example 4> 

Carbon black MA-7 as a microparticulate coloring agent 
was used as the coloring agent, and ETHOMEEN C/15 as an 
alkylamine ethylene oxide adduct represented by the general 
formula (1) was used as the surfactant. It is noted that 
styrene-maleic anhydride copolymer is a water-soluble polymer 
which is generally used as a dispersing agent for the 
pigment . 

A mixture liquid composed of the following materials was 
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subjected to a dispersing treatment with Pearl Mill (trade 
name, produced by Ashizawa) by using zirconia beads having 
0.3 mm diameter as a pulverization media, and then the 
mixture was applied to a centrifugal separator to remove 
coarse particles, followed by being filtrated through a 
membrane filter of 2.5 fim to prepare an ink- jet recording ink 
8 having the following composition. The ink- jet recording 
ink 8 did not have the three concentration areas 
corresponding to the concentrations of the surfactant, and 
the surface tension was 30.6 mN/m. 
(Ink- jet recording ink 8) 

Carbon black MA-7 (produced by Mitsubishi Chemical 
Corporation) 5 % by weight 

Styrene-maleic anhydride copolymer (molecular weight 
10,000, acid value 175) 3 % by weight 

Glycerol 20 % by weight 

Diethylene glycol diethyl ether 0.5 % by weight 

ETHOMEEN C/15 (produced by Lion Corporation, surfactant 
based on alkylamine ethylene oxide adduct ) 

0.3 5 % by weight 
Pure water 71.15 % by weight. 

[0037] 

<Comparative Example 5> 

Color Index No. Direct Black 168 was used as the 
coloring agent without using any microparticulate coloring 
agent, and ETHOMEEN S/25 represented by the general formula 
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(1) was used as the surfactant. 

The following materials were sufficiently agitated and 
mixed with each other, followed by being filtrated through a 
membrane filter of 2.5 |xm to prepare an ink- jet recording ink 
9 having the following composition. The ink- jet recording 
ink 9 did not have the three concentration areas 
corresponding to the concentrations of the surfactant, and 
the surface tension was 35.0 mN/m. 

(Ink- jet recording ink 9) 

Color Index No. Direct Black 168 (black dye) 

5 % by weight 

Glycerol 25 % by weight 

Triethylene glycol monobutyl ether 4.0 % by weight 
ETHOMEEN S/2 5 (produced by Lion Corporation, surfactant 
based on alkylamine ethylene oxide adduct) 

0.2 % by weight 
Pure water 65.8 % by weight. 

[0038] 

Ink-jet recording inks composed of the same materials as 
those of the ink- jet recording inks 1, 2, 5, ink- jet 
recording inks composed of the same materials as those of the 
ink- jet recording inks 3, 4, ink- jet recording inks composed 
of the same materials as those of the ink-jet recording inks 
6, 7, ink- jet recording inks composed of the same materials 
as those of the ink- jet recording ink 8, and ink- jet 
recording inks composed of the same materials as those of the 
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ink- jet recording ink 9 were prepared. Correlation curves 
were determined for the respective inks by measuring the 
surface tensions of the ink-jet recording inks while changing 
the concentrations of the surfactant and water. The 
correlation curves are shown in Figs. 2 to 6 in which the 
surface tension of the ink-jet recording ink is plotted in 
the vertical axis, and the concentration of the surfactant is 
plotted in the horizontal axis. Values are shown in Table 1. 
[0039] 
[Table 1] 



Concentration of surfactant 
(% by weight) 


0 


0 .05 


0.1 


0.15 


0.2 


0.25 


Surface 
tension 
(mN/m) 


Inks 1, 2, 5 


59.9 


59.0 


58.2 


57 .0 


55.1 


52.3 


Inks 3, 4 


59.9 


58.0 


56.2 


53.2 


41.3 


32.3 


Inks 6, 7 


59.9 


53.3 


47 .5 


42 .5 


38.5 


35.6 


Ink 8 


40.7 


38 .3 


37 . 1 


35.1 


33.6 


32 . 1 


Ink 9 


52.3 


45 .2 


40.2 


35.8 


35.0 


34.2 



Concentration of surfactant 
(% by weight) 


0.3 


0.35 


0.4 


0.45 


0 .5 


Surface 
tension 
(mN/m) 


Inks 1, 2, 5 


41.2 


33.2 


31.9 


30.8 


30.0 


Inks 3, 4 


31.8 


31.0 


30.5 


30 .2 


30 .0 


Inks 6, 1 


33.0 


31.8 


31.0 


31.0 


30.9 


Ink 8 


30.8 


30.6 


30.6 


30.6 


30.3 


Ink 9 


33.2 


32.1 


31.8 


31.2 


30.2 



[0040] 

<Evaluation> 

The following evaluations were performed with Xerox 4200 
paper (produced by Xerox) as the recording paper by using a 
recording apparatus having an on-demand type multi-head 
(jetting nozzle diameter: 40 |Lim, driving voltage: 30 V, 
freguency: 10 kHz) for performing the recording by generating 
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liquid droplets by applying the pressure brought about by the 
vibration of the piezoelectric element to the ink contained 
in the recording head, for the ink- jet recording inks 1 to 9 
manufactured in Examples 1 to 4 and Comparative Examples 1 to 
5. 

[0041] 

(1) Evaluation of feathering 

Printing was performed to print those including letters 
and ruled lines with a single color with no background. 
Portions of letters and ruled lines were observed visually to 
perform the evaluation on the basis of the following 
criteria . 

(Evaluation criteria for feathering) 

©*•• Feathering was scarcely observed, and letters were 
vivid. 

O* * Feathering slightly occurred, but letters were 
sufficiently readable . 

A- Feathering clearly occurred, but letters were 
readable. 

X • • Letters were hardly readable due to occurrence of 

feathering . 
[0042] 

(2) Evaluation of bleeding 

Printing was performed to print those including letters 
and ruled lines in super imposition on a background color 
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formed by a yellow ink having the following composition. 
Blurring was observed visually at boundary portions between 
the background color and the color of letters and ruled lines 
to perform the evaluation on the basis of the following 
criteria . 

(Yellow ink) 

Direct Yellow 132 5 % by weight 

Glycerol 20 % by weight 

Diethylene glycol 5 % by weight 

Triethylene glycol monobutyl ether 1.5 % by weight 
Pure water 68.5 % by weight. 

(Evaluation criteria for bleeding) 

©••• bleeding was scarcely observed, and approximately 

equivalent vividness of letters was obtained as compared with 
the case of no background. 

O *** bleeding slightly occurred, but letters were 
sufficiently readable. 

A bleeding clearly occurred, but letters were 
readable. 

X • • • letters were hardly readable due to occurrence of 

bleeding. 
[0043] 

Results of the evaluations are summarized and shown in 
Table 2 for the ink-jet recording inks 1 to 9 manufactured in 
Examples 1 to 4 and Comparative Examples 1 to 5 . 
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[0044] 
[Table 2] 





Ex. 1 


Ex. 2 


Ex. 3 


Ex . 4 


Comp . 
Ex. 1 


Comp . 
Ex. 2 


Comp. 
Ex. 3 


Comp. 
Ex . 4 


Comp. 
Ex. 5 


Feath- 
ering 


® 


© 


© 


© 


A 


X 


A 


X 


X 


bleed- 
ing 


o 


© 


O 


© 


A 


X 


X 


X 


X 



[0045] 

As shown in Table 2, when the recording was performed by 
using the ink-jet recording inks manufactured in Examples 1 
to 4, then both of the prevention of the feathering and the 
prevention of the bleeding were satisfied, and recorded 
matters, which were sharp and vivid and which had excellent 
printing qualities, were successfully obtained. In 
particular, when the recording was performed by using the 
ink- jet recording inks manufactured in Examples 2 and 4, the 
bleeding was successfully avoided especially effectively, 
because the surface tension of the ink was sufficiently low, 
and the permeation speed of the ink solvent into the paper 
was sufficiently fast. 

On the other hand, when the recording was performed by 
using the ink-jet recording inks manufactured in Comparative 
Examples 1 to 5 , then the nonuniform blurring was observed 
due to the feathering in some cases, and/or the boundary 
portion between the different colors was indistinct in other 
cases. Therefore, the ink- jet recording inks manufactured in 
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Comparative Examples 1 to 5 involved problems concerning the 
prevention of the feathering and/or the prevention of the 
bleeding . 
[0046] 

[Effect of the inventions] 

According to the present invention, it is possible to 
provide the ink for ink-jet recording which makes it possible 
to obtain vivid recorded matters by satisfying both of the 
prevention of the feathering and the prevention of the 
bleeding even when the recording is performed on regular 
paper. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] Fig. 1 schematically shows a correlation curve 
which represents the correlation between the surface tension 
and the concentration of the surfactant in the ink-jet 
recording ink of the present invention. 

[Fig. 2] Fig. 2 shows a correlation curve determined by 
measuring the surface tensions of ink-jet recording inks 
while changing the concentrations of the surfactant and water 
for the ink-jet recording inks composed of the same materials 
as those of ink- jet recording inks 1, 2, and 5. 
[Fig. 3] Fig. 3 shows a correlation curve determined by 
measuring the surface tensions of ink-jet recording inks 
while changing the concentrations of the surfactant and water 
for the ink-jet recording inks composed of the same materials 
as those of ink- jet recording inks 3 and 4. 
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[Fig. 4] Fig. 4 shows a correlation curve determined by 
measuring the surface tensions of ink-jet recording inks 
while changing the concentrations of the surfactant and water 
for the ink-jet recording inks composed of the same materials 
as those of ink- jet recording inks 6 and 7. 
[Fig. 5] Fig. 5 shows a correlation curve determined by 
measuring the surface tensions of ink-jet recording inks 
while changing the concentrations of the surfactant and water 
for the ink-jet recording inks composed of the same materials 
as those of an ink- jet recording ink 8. 

[Fig. 6] Fig. 6 shows a correlation curve determined by 
measuring the surface tensions of ink-jet recording inks 
while changing the concentrations of the surfactant and water 
for the ink-jet recording inks composed of the same materials 
as those of an ink- jet recording ink 9. 
[EXPLANATION OF REFERENCE NUMERALS] 

1 an inflection point 

2 a first local maximum point 

3 a second local maximum point 
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[TITLE OF THE DOCUMENT] Abstract 
[ABSTRACT] 

[PROBLEM TO BE SOLVED] 

An ink for ink- jet recording is provided, which makes it 
possible to obtain vivid recorded matters by satisfying both 
of the prevention of the feathering and the prevention of the 
bleeding even when the recording is performed on regular 
paper . 

[MEANS TO SOLVE PROBLEMS] 

An ink for ink-jet recording including a self -dispersing 
microparticulate coloring agent , a surfactant and water, 
wherein: when a surface tension is plotted in a vertical 
axis, and a concentration of the surfactant is plotted in a 
horizontal axis, then a correlation between the surface 
tension and the concentration of the surfactant can be 
represented by a correlation curve which has one inflection 
point and which has two local maximum points of curvature on 
both sides of the inflection point one by one; and the ink 
contains the surfactant at a concentration which is higher 
than a concentration corresponding to a local maximum point 
of the curvature on a low concentration side. 
[SELECTED DRAWINGS] NONE 
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[TITLE OF THE DOCUMENT] Drawing 
[FIG. 1] 
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[FIG. 2] 
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[FIG. 3] 
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[FIG. 4] 
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[FIG. 5] 
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[FIG. 6] 
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